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Abstract: Mangrove forests have been globally recognised as their vital functions in preventing coastal 
erosion, mitigating effects of wave actions and protecting coastal habitats and adjacent shoreline land-uses 
from extreme coastal events. However, these functions are under severe threats due to the rapid growth of 
population, intensive shrimp farming and the increased intensity of severe storms in Hau Loc and Nga Son 
districts, Thanh Hoa province. This research was conducted to monitor spatial-temporal changes in 
mangrove extents using Landsat and Sentinel imageries from 2005 to 2018. Unsupervised and supervised 
classification methods and vegetation indices were tested to select the most suitable classification method 
for study sites, then to quantify mangrove extents and their changes in selected years. The findings show 
that supervised classification was the most suitable in study sites compared to vegetation indices and 
unsupervised classification. Mangrove forest extents increased by 7.5 %, 38.6 %, and 47.8 % during periods 
of 2005 - 2010, 2010 - 2015 and 2015 - 2018, respectively. An increase of mangrove extents resulted from 
national programs of mangrove rehabilitation and restoration during 2005- 2018, increased by 278.0 ha 
(123.0 %). 
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1. Introduction 
Mangrove forests are among the most productive ecosystems on this planet (Ramdani et al., 
2018) providing a wide range of ecological and economic products and services, and supporting a 
rich and diverse coastal and marine ecosystems (Viswanathan et al., 2011; Salem and Mercer, 2012; 
Van Lavieren et al., 2012). Over the past five decades, discussions of mangrove ecosystems and 
management have focused on: the ability to fix, store and mineralise carbon; nursery functions; 
shoreline protection; and their land-building capacity (Field et al., 1998; Viswanathan et al., 2011; 
Lee et al., 2014; Peneva-Reed, 2014). Mangrove forests are more likely to be disturbed by natural 
events, such as typhoons and floods. However, nearly all of mangrove forests have experienced with 
significant losses in recent decades under economic and population pressure to meet continually 
growing demands for aquaculture and fishing farming. World population growth is expected to peak 
at 9.22 billion in 2075 (Exner et al., 2013), leading to increasing pressure from human activities, 
including over-harvesting, aquaculture and coastal development (Viswanathan et al., 2011). Despite 
existing rules, regulations and policies, the management and protection of mangrove resources are 
still weak and lacking linkage among sectors. Few research studies have brought specific solutions 
and practices. It is estimated that about one-fifth of all mangrove forests have been lost since 1980 
and many remaining mangrove forests are being considered to be degraded (Van Lavieren et al., 
2012). Although the annual global rate of mangrove forest loss declined from just over 1.0 % in the 
1980s to 0.66 % between 2000 and 2005, it was 3- 5 times higher than the average rate of loss of all 
forests (Duke et al., 2014). As a sample, the Vietnam War (1962-1971) resulted in the destruction of 
nearly 40 % of mangrove forests in Southern Vietnam (Hong and San, 1993). 
Thanh Hoa province is located in the North Central region of Vietnam. The province has 102 km 
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of the coastline long, wetlands and coastal mangrove forests of 1195.5 ha in 2018. Thanh Hoa 
province is considered to have a high potential for planning, restoration, and development of 
mangrove forests, promoting local livelihoods. However, due to the shortage of investigation and 
studies in the mangrove sites, there is little information about mangrove forests in this province. 
In the last three decades, spatial technology has evolved dramatically to include a suite of 
sensors operating at a wide range of imaging scales and potential application (Rogan and Chen, 
2004). The remote sensing and GIS technologies are powerful tools enabling the capture, storage, 
analysis and management of spatially referenced data. In the present study, remote sensing is an 
applicable and accurate tool to investigate changes in forest extents (Singh, 1989; Lu et al., 2004). It 
is difficult to reach and penetrate mangrove forests along coastal areas by using conventional 
investigation methods (Green et al., 1998; Dat et al., 2000; Wang et al., 2003), but remote sensing 
technology has offered a special utility. More importantly, Geographic Information System (GIS) and 
remote sensing data have not been used extensively for wetland covers mapping in Thanh Hoa 
province, in particular mangrove forests. This study was to quantify the extent of mangrove forests 
and recent changes for the whole coastline of Thanh Hoa province for four selected years (2005, 
2010, 2015 and 2018), to understand mangrove dynamics over the last 13 years. Available multi-
temporal Landsat and Sentinel imageries and Land Use/Land Cover (LULC) maps were used to 
construct thematic maps by testing various approaches, including Supervised Classification, 
Unsupervised classification, NDVI, SAVI, MSAVI, IPVI, DVI, GNDV, BNDV, OSAVI, TVI, and EVI. Study 
then selected the most suitable classification method for study sites, based on the accuracy 
assessments. The study then identified drivers of changes in mangrove extents and suggested 
feasible solutions for enhancing mangrove management.  
2. Materials and Methods 
2.1 Study site 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Study sites with mangrove distribution: (a) Geographic location of Thanh Hoa in Vietnam; 
(b) Study sites in Thanh Hoa province. 
 
 
 
 
(a) 
(b) 
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Thanh Hoa is located in the North Central region, 150 km south away from Hanoi, and 1,560 
km from Ho Chi Minh City. It borders three provinces, including Son La, Hoa Binh, Ninh Binh 
provinces to the North, Nghe An province to the South, Laos to the West and the Gulf of Tonkin to 
the East. It has a tropical monsoon climate that is influenced by both the temperate climate of the 
Gulf of Tonkin and the North Central Coast. Thanh Hoa faces an average of six to eight typhoons 
annually. In this study, two districts, including Nga Son and Hau Loc, were selected due to their 
abundant coastal mangrove forests in Thanh Hoa province (Figure 1). Temperature varies from 20 
to 28 °C throughout the year. The average annual rainfall is 1,800 mm, with a distinct dry and rainy 
season. While extreme storms and ocean conditions resulting from climate change are uncertain in 
magnitude, the physics and modelling of climate indicates that floods and droughts are becoming 
increasingly common and intensified (Raghavan et al., 2015; Jiang et al., 2018). 
2.2 Methods 
The details of image classification methods used for mapping mangrove extents are 
schematically illustrated in the Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Flow chart of methodology for mapping mangrove extents. 
2.2.1 Data collection 
The study was conducted using Landsat 5, Landsat 8 and Sentinel 2A multi-spectral imageries 
covering the areas of Nga Son and Hau Loc districts, Thanh Hoa province. The details of multi-
temporal Landsat images (2005- 2015) and Sentinel images (2015- 2018) were used to detect 
mangrove extents and the change (Table 1).  
 
Remotely sensed data (Landsat 5/8, Sentinel 2A, PlanetScope) 
Image Pre-processing 
Subset the study sites 
Image classifications 
Filtering 
Accuracy assessments 
Select the most suitable method for study sites 
Mangrove extraction and mapping 
Supervised Classification 
Vegetation 
indices/Band Ratio 
TOA conversion to 
radiance, reflectance 
Unsupervised Classification 
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Table 1.  Remotely sensed images collected and used in the study. 
ID Image codes Date Resolution (m) Remarks 
1 LT05 _L1TP126046_20050511_20161126 05/11/2005 30 Landsat 5 
2 LT05_ L1TP126046_20101203_20161012 03/12/2010 30 Landsat 5 
3 LC08_L1TP127046_20150701_20170407 01/07/2015 30 Landsat 8 
4 S2A_L1C_T48QWH_20151022T034524 22/10/2015 10 Sentinel 2A 
5 S2A _L1C_ T48QWH_20180409T033500 09/04/2018 10 Sentinel 2A 
6 20170603_024225_1004_3B_AnalyticMS 03/06/2017 3 PLanetScope 
 20170603_024215_1013_3B_AnalyticMS 03/06/2017 3 PlanetScope 
 20170603_024214_1013_3B_AnalyticMS 03/06/2017 3 PlanetScope 
7 Land cover maps 2005, 2010, 2015 1:50,000a 
Thanh Hoa 
DARD  
Sources: http://earthexplorer.usgs.gov, https://scihub.copernicus.eu/dhus/#/home; aThanh Hoa DARD- 
Department of Agriculture and Rural Development (2018); https://www.planet.com/explorer  
 
One of the most coastally important features is aware before selecting remote sensing images 
for mangrove mapping is the tidal cycle, tidal inundation and cloud cover. These factors may have 
the potential to significantly bias the mangrove mapping results (Zhang et al., 2019). Fortunately, 
the optical remote sensing data, including Landsat and Sentinel data, offers time-series remotely 
sensed images, which provide more options to avoid the effects of tidal inundation on the accuracy 
of mangrove mapping (Zhang et al., 2017; Zhang et al., 2019). In addition, the knowledge of tidal 
levels at the time of remotely sensed images acquired is also paid attention to eliminate the effects 
of tidal levels at various observation as well (Chen et al., 2017). In this study, the low tidal inundation 
imageries in consultation with the tidal tables together with information of local tidal regimes 
obtained from local people during the field survey were prioritised to select for mangrove mapping.  
A literature review was attempted to collect secondary data, including published documents, 
peer-reviewed papers and associated reports. The secondary data collected from this study include 
coastal land use land cover maps; Geographic information system layers; Socio-economic conditions 
of the study site; data related to the dynamics of coastal mangrove forests; relevant policies, legal 
documents to mangrove forests; socioeconomic reports from communes in the research location. 
Field survey was conducted to collect ground information on land use and land cover, including 
mangrove forests, water bodies and non-mangrove plants. By using a Garmin 650 GPS, a total of 
600 GCPs (Ground Control Points) were mainly collected from both squared-shape patches and 
random points of mangrove forests and other non-mangrove plants to gain more ground 
information for separating mangrove forests from other non-mangrove covers. In particular, there 
were 300 GCPs collected for mangrove forests, 100 GCPs for water bodies and 200 GCPs for others 
(including bare soil, settlements, mudflats, beaches and non-mangrove plants). 
Primary data in this study was mainly obtained from semi-structured interviews. A total of 50 
people were randomly selected to collect information in Nga Son and Hau Loc districts, among 
diverse groups of local authorities, forest management agencies, and local people, including 10 
forest rangers, 10 local guards; 20 local people and 10 local authorities from People’s Committee at 
district as well as commune levels. Local people were selected who have been living nearby 
mangroves for a long time, so they understand very well about the past and current mangrove 
management and changes.  
2.2.2 Data pre-processing 
In this study, all Landsat images were required to radiometric calibration. Gain bias correction 
scattering effects and correction of the sun angle are very necessary as mangrove cover analysis and 
change detection were carried out (e.g. Song et al., 2001; Norjamaki and Tokola, 2007; Gupta et al., 
2018). Radiometric calibration of Landsat Bands was conducted to convert digital number values 
into top of the atmosphere spectral radiance (TOA), then Bands were converted to TOA planetary 
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reflectance (Gupta et al., 2018). Atmospheric and radiometric corrections were applied to remove 
errors and to increase accuracies using Spatial Analyst Tools in ArcGIS 10.4.1 (Hai-Hoa, 2016).  
In addition, five Bands (Blue, Green, Red, NIR and SWIR) for both Sentinel and Landsat imageries 
were used for all classification and interpretation techniques (Table 1). All Bands were stacked into 
composite images, then were subsequently masked to both include areas where mangrove forests 
are more likely to distribute, such as low-lying areas and intertidal zones; and exclude areas where 
mangrove forests do not naturally occur as far inland, highlands and open ocean (Long and Giri, 
2011). Masking possible mangrove areas was conducted to reduce unnecessary data volume and 
increase overall classification accuracy. In order to mask possible mangrove areas accurately, higher 
spatial resolution images in this study, including PlanetScope (3mx3m) and Google Earth were used 
to delineate the boundary of possible mangrove areas from other land use and land cover types. 
The delineated boundary was then checked with the field survey to ensure every possible mangrove 
areas were included within the boundary. Remarkably, mangrove forests in the study sites are 
separated from other land use and land cover types by the dyke system. Therefore, there was no 
difficulty in delineating the boundary of possible mangrove areas in the study sites. In addition, the 
30-m SRTM DEM data, their derived slope and elevation were employed to mask out the regions of 
high elevation and steep-slope where mangrove forests are not likely to occur (Chen et al., 2017). 
2.2.3 Data processing and image classification 
Image classification was conducted to map mangrove extents in 2018 by testing 12 vegetation 
indices (including SR, NDVI, SAVI, MSAVI, GNDVI, BNDVI, OSAVI, DVI, IPVI, EVI, NBR, TVI), Supervised 
and Unsupervised Classification approaches (Table 2).  In the combination with GCPs (Ground 
control points), the accuracy was then assessed using the ground-truthing information in 2018. The 
method with the highest accuracy was then selected to construct mangrove forests mapping in 
2005, 2010 and 2015. Two map layers then were overlaid to detect the changes in mangrove extents 
in each selected period, namely 2005-2010, 2010-2015, 2015-2018.  
Vegetation indices calculation: In this study, 12 vegetation indices were tested and used to 
quantify mangrove extents (Table 2). 
Unsupervised classification: Imageries were processed with the Supervised Classification 
approach. The study applied the k-means clustering algorithm to produce 30 user-defined classes 
with the iteration number of 5. The generated classes were then compared with the field survey 
data and merged them into 3 main classes, namely mangrove forests, water surface and others (bare 
soil, settlements, mudflats, beaches and non-mangrove plants). 
Supervised classification: This study employed the Supervised Classification approach by using 
the Maximum Likelihood Classification. The training samples were selected from PlanetScope 
imageries in 2017 in comparison with Google Earth images, Sentinel 2A and the field survey data. 
The total number of training samples selected were 30, 20 and 15 for mangrove forests, water 
surface and others, respectively. Number of pixels for each sample were ensured to be taken as 
minimum of 50 for the accuracy matter. 
Accuracy assessments: A total of 300 GCPs (Ground Control Points), out of 600 GCPs were 
randomly selected and used to perform accuracy assessments using other high resolution images, 
such as Google Earth and 2017 PlanetScope imageries for the 2018 classified image (Table 1). 
Additional field data collection on mangrove locations was also conducted to provide more 
information in relation to the possible occurrence of mangrove forests. The validation points were 
applied to extract land cover classes from 2018 classified map in ArcGIS, a confusion matrix was then 
created with the image classified and ground survey classes. For other years of 2005, 2010 and 2015, 
associated Google Earth images were used to perform accuracy assessments. In addition, reference 
maps (land cover maps in 2005, 2010 and 2015 with scale of 1:50,000) as well as local knowledge 
regarding land use/land over were also used to increase accuracies of mangrove mapping. 
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Table 2. Equations of vegetation indices used for estimating mangrove extents. 
ID 
Classification 
methods 
Equations 
References 
I. Vegetation indices/Band ratio  
1.1 
SR 
 (Simple Ratio)  
NIR/RED 
Batadlan et al., (2009); Kongwongjan et 
al., (2012); Dat et al., (2018) 
1.2 
NDVI  
(Normalised 
Difference 
Vegetation Index)  
(NIR-RED)/(NIR+RED) 
Saleh (2007); Ramdani et al., (2018); Dat 
et al., (2018) 
1.3 
GNDVI  
(Green Normalised 
Difference 
Vegetation Index)  
(NIR-GREEN)/(NIR+GREEN) Muhsoni et al., (2018) 
1.4 
BNDVI  
(Blue Normalised 
Difference 
Vegetation Index)  
(NIR-BLUE)/(NIR+BLUE) Wang et al., (2007) 
1.5 
SAVI  
(Soil Adjusted 
Vegetation Index)  
{(NIR-RED)/(NIR+RED+L)}*(1+L) 
Kongwongjan et al., (2012); Dat et al., 
(2018) 
1.6 
OSAVI  
(Optimised Soil 
Adjusted vegetation 
Index)  
(1+0.16)*{(NIR-RED)/ (NIR+RED+0.16} Batadlan et al., (2009) 
1.7 
MSAVI  
(Modify Soil Adjusted 
Vegetation Index)  
1
2
{(2𝑁𝐼𝑅 + 1)
− √(2𝑁𝐼𝑅 + 1)2 − 8(𝑁𝐼𝑅 − 𝑅𝐸𝐷) 
 
Dat et al., (2018) 
1.8 
DVI  
(Difference 
Vegetation Index)  
NIR - RED 
Batadlan et al., (2009); Kongwongjan et 
al., (2012); Dat et al., (2018) 
1.9 
IPVI  
(Infrared Percentage 
Vegetation Index)  
NIR/(NIR+RED) Kongwongjan et al., (2012) 
1.10 
EVI2 
 (Enhanced 
Vegetation Index)  
2.5*{(NIR-RED)/(NIR+2.4*RED +1)} Dat et al., (2018) 
1.11 
NBR  
(Normalised Burn 
Ratio)  
(NIR-SWIR)/(NIR+SWIR) Li et al., (2013) 
1.12 
TVI  
(Triangular 
Vegetation Index)  
0.5*{120*(NIR-GREEN)} – 200*(RED-
GREEN) 
Kongwongjan et al., (2012); Muhsoni et 
al., (2018) 
II. Supervised Classification  
Peneva-Reed, (2014); Dat et al., (2018); 
Islam et al., (2018) 
III. Unsupervised Classification  
Dat et al., (2000); Saleh (2007); Hai-Hoa 
(2016) 
 
3. Results and discussions  
3.1 Spatial-temporal mangrove extents and management  
PlanetScope imageries with the spatial resolution of 3mx3m were used to assist in assessing 
mangrove mapping accuracies, while Sentinel 2A in 2018 was used to construct the status map of 
mangrove forests using SCM, UCM and vegetation indices (IPVI, DVI, GNDVI, BDVI, OSAVI, TVI, EVI, 
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SAVI, NDVI, NBR, SR, and MSAVI). The accuracy assessments of mangrove classifications in 2018 are 
presented in Table 3.  
Table 3. Accuracy assessments of mangrove mapping using different classification methods. 
ID 
Classification 
methods 
Man (ha) 
Water bodies 
(ha) 
Others (ha) Accuracies (%) 
1 IPVI 509 625 1131 83.4 
2 DVI 508 560 1197 85.7 
3 GNDVI 487 609 1169 78.2 
4 BDVI 470 509 1286 72.4 
5 OSAVI 474 618 1173 84.3 
6 TVI 487 521 1257 79.9 
7 EVI 474 619 1172 84.1 
8 SCM 501 616 1149 90.0 
9 SAVI 564 625 1076 81.2 
10 NDVI 509 520 1237 80.8 
11 NBR 252 818 1196 65.1 
12 SR 246 569 1451 75.9 
13 MSAVI 181 575 1510 62.5 
14 UCM 512 598 1155 85.0 
Man (Mangrove forests); Others (Bare soils, settlements, non-mangrove plants, mudflats) 
In general, accuracy assessments of all classification methods are greater than 60.0 % in overall 
accuracy. Particularly, SCM has the highest accuracy among other methods, around 90.0 %, followed 
by the DVI, SCM, OSAVI, EVI, IPPVI, SAVI, NDVI, TVI, GNDVI, SR, BDVI, NBR, and MSAVI at 85.7 %; 
85.0; 84.3; 84.1; 83.4; 81.2; 80.8; 79.9; 78.2; 75.9; 72.4; 65.1; and 62.5 %, respectively (Table 3). 
Similarly, many studies have confirmed that NDVI is one of the most common classification methods 
and it is often used to map mangrove extents in particular (Saleh, 2007; Alsaaideh et al., 2013; 
Ramdani et al., 2018; Dat et al., 2018), whereas EVI, SCM, IPVI, DVI, OSAVI, SAVI and UCM are less 
likely to be used (Gupta et al., 2018). However, these indices and methods have offered higher 
accuracies than NDVI in this study. SCM especially provides the highest accuracy and thus it was 
selected to quantify mangrove extents in Hau Loc and Nga Son districts. This method also has been 
used for mapping mangrove forests in others studies, such as Kongwongjan et al., (2012); Islam et 
al., (2018). 
3.1.1 Current status of mangrove forests: 
Based on 2018 field survey in combination with national forest inventory in 2017, this study has 
identified the spatial distribution of mangrove species (Figure 3). In Nga Son and Hau Loc districts, 
mangrove species compositions are relatively simple with just 3 species, namely S. caseolaris, A. 
corniculatum, and K. candel. Their structures and spatial distribution differ from each other. A. 
corniculatum is the dominant species in Nga Son district and it was planted in 1985, 1997, 2000, 
2013 and 2015 in Nga Tan and Nga Thuy communes particularly (Figure 3). Differently, in Hau Loc 
district, mangrove seedlings have mainly distributed in Hai Loc and Da Loc communes with two 
dominant species (S. caseolaris, A. corniculatum), while some small areas have been found with 
mixed mangrove species (S. caseolaris and K. obovata). Both communes have had a series of 
mangrove forests planted over time, including in 1985, 1997, 1999, 2000, 2004, 2005, 2013, 2014, 
and 2015. 
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Figure 3.  Spatial distribution of coastal mangroves in study areas in 2018: Number 1 refers to the year of 
mangrove species planted in 1985; 2 (1997); 3 (2000), 4 (2004); 5 (2005); 6 (2013); 7 (2014); 
number 8 refers to the year of mangrove species planted in 2015. 
3.1.2 Management scheme in mangrove forests: 
Over the years, the Vietnamese government has adopted to and adapted with various 
approaches to manage forests in general and mangrove forest in particular, including from 
centralized State-controlled models to cooperative management models, to private management 
models (Hawkins et al., 2010). Until the mid-1980s, the policy was characterized by a centralized 
State-Controlled model; forests and forest products were viewed as national assets and owned by 
the state (Ha et al., 2014). Sustainable management of mangrove forests needs an effective 
combination of scales of jurisdiction and management. The Ministry of Agriculture and Rural 
Development (MARD) performs as the unified state management over the protection, development, 
and use of protection forests throughout the country. Similarly, Thanh Hoa People's Committees 
exercises state management over protection forests in the provincial area at the provincial level. 
Thanh Hoa Department of Agriculture and Rural Development (DARD) advises the Thanh Hoa 
People's Committees in performing the state management of protection forests. At district level, 
Nga Son and Hau Loc Department of People's Committees perform the state management of 
protection forests. The Commune People's Committees is in charge of managing the protection 
forest in their respective localities in the following domains: 
• Directing, urging and guiding households, individuals and local communities in 
implementing the legislation on protection and development of protection forests in 
their regions; 
 233 Forest and Society. Vol. 4(1): 225-242, April 2020 
• Elaborating plans on protection and development of protection forests and scheme 
on forest allocation and forest lease then submitting them to competent state 
agencies for approval and implementation; 
• Giving protection forests to the allocated or leased local people and identifying the 
boundaries of protection forests to protect forests in the localities; 
• Guiding local communities in elaborating and implementing the regulations on 
management, protection, and development of protection forests; Organizing and 
mobilizing the coordination between local people, forest rangers, polices and army 
to detect and prevent in time acts of encroaching upon protection forests; 
• Inspecting and handling of law violation according to its competence; 
• Managing protection forest areas un-allocated or unleased in the commune; submit 
to District People's Committees for use in protection forests areas unallocated or 
unleashed by the State; 
Based on the filed survey, this study agrees with Primavera (2000), Hawkins et al., (2010) that 
overlapping mandates of the border guard station and local people communities results in a decline 
of quality and quantity of mangrove forests. There is no direct authority for mangrove management 
in the study site. For some projects, a group of people in communities formed for monitoring and 
evaluating the project and thereby vested the local community to take care of it. CMMB proved to 
be a good solution for local people to manage and take care of mangrove forests (Buffle et al., 2011). 
3.2 Quantification of coastal mangrove extents and drivers of changes 
The mangrove forest extents have experienced with a rapid change in Nga Tien commune 
(belongs to Nga Son district); Da Loc and Hai Loc communes (belong to Hau Loc district) between 
2005 and 2018 by using SCM. The total areas covered by mangrove forests and non-mangrove class 
(water surface and others) have been shown in Table 4. 
 
Table 4. Changes in mangrove forest extents over the period of 2005- 2018. 
               Classes 
 
Year/Period 
Mangrove forests 
Non-mangrove  
Water bodies Others 
Ha % Ha % Ha % 
2005 226  372  1766  
2010 246  1413  720  
2005 – 2010 20 7.5 1041 279.8 -1046 -59.2 
2015 341  1891  132  
2010 - 2015 95 38.6 478 33.8 -588 -81.7 
2018 504  653  1205  
2015 - 2018 163 47.8 -1238 -65.46 1073 812.9 
2005 - 2018 278 123.0     
(-) means the loss of mangrove forests while (+) indicates an increase of mangrove forests in the corresponding 
period. 
 
As shown in Table 4 that there are changes in mangrove forests and non-mangrove class in 
three selected periods. It is also important to note that there is a dramatic change in the ‘water 
bodies’ and ‘others’ classes in each period. This change may be explained as the effects of tidal 
change regimes as various temporal tidal satellite imageries were selected in this study (Zhang et 
al., 2017; Xia et al., 2018, Tran Thi et al., 2014). On the contrary, mangrove forests have increased 
sharply in the two first periods and a slower increase in the later period (Figure 4). In particular, 
mangrove extents have significantly increased by 20 ha, 95 ha and 163 ha in the period of 2005- 
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2010, 2010- 2015 and 2015- 2018, respectively.  
3.2.1 Identification of drivers of mangrove changes during 2005- 2018: 
 
 
Figure 4. Changes in mangrove extents over the period of 2005- 2018. 
As shown in Figure 3 and Table 4 in combination with the field survey, key drivers of changes 
in mangrove forests followed by the studied periods are summarised as below: 
During the period of 2005-2010:  
In 1989, the Government of Vietnam along with international organizations, such as the 
Japanese Red Cross and Save the Children collaborated to plant 350 ha of mangrove seedlings in 
offshore areas bordering Da Loc commune (belongs to Hau Loc district), but with a disappointing 
survival rate of 15-20 % within one year (Hoa et al., 2012). After this, there were several additional 
planting projects from NGOs (Non- Government Organizations) and the Vietnam government, but 
the rate of seedling survival was still low until 2005. Remarkably, the period of 2005- 2010 was 
witnessed with a significant increase in mangrove extents, estimated at about 20.0 ha with an 
increasing rate of 7.5 %. In particular, in 2005, the Red Cross of Vietnam, with support from the 
International Federation, the Japanese Red Cross Society and the Danish Red Cross planted 
mangrove forests for disaster risk management in response to damage to the commune from 
typhoon Damrey (International Federation of Red Cross and Red Crescent Societies, 2011). Since 
then, the local community has recognised the importance of mangrove forests in protecting their 
villages and stabilising their livelihoods.  
Despite the importance of mangrove forests acknowledged, mangrove deforestation was still 
prevalent due to the increasing demand for lumber and fuel (Richards and Friess, 2016; Agarwal et 
al., 2019). In addition, external factors, such as storms, climate change, tidal extremes, pests, and 
diseases, have also led to the reduction of mangrove forests in the study areas (Reed, 2015). 
Interviews with local people also confirmed that large areas of mangrove forests were destroyed 
and degraded by the storms and associated shrimp farm activities. Consequently, nearby coastal 
creatures, such as crabs and fishes have been significantly reduced. However, during this period, a 
community-based approach to mangrove management was adopted to replant and restore 
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mangrove forests. These efforts were contributed to a success rate of 70 % to 90 % in 2009, 
compared to 15.0 % in 1989 (Hong and San, 1993; Hai-Hoa, 2014). 
During the period of 2010- 2015:  
Mangrove extents were recorded as an increase of additional 95 ha (equivalent to 38.6 % of 
total mangrove areas). This area was recorded as approximately five times higher than during the 
period of 2005- 2010. It was clearly observed that an obvious increase in mangrove forests since 
CMMB (Community-based Mangrove Management Board) was established with participation of 
local governments, representatives of various organizations (Women’s Union and Fatherland Front), 
and local farmers in mangrove restoration and development projects (Buffle et al., 2011). 
 
Table 5. Past and present mangrove projects in Thanh Hoa province. 
No. 
 
 
Projects Timeline 
Project scale 
(ha) 
Project site 
1 
Planting coastal protection 
mangroves against coastal erosion 
in Thanh Hoa province (Climate 
Change Adaptation Fund) 
2014-2015 300 
Hau Loc district, Hoang Hoa 
district and Sam Son town, 
Thanh Hoa province 
2 
Mangrove Prevention Program for 
Disaster Preparedness (Japanese 
Red Cross) 
2009 - 
2015 
2296 
06 Districts: Nga Son, Hau Loc, 
Hoang Hoa, Sam Son, Quang 
Xuong, Tinh Gia 
3 
Investment project to develop 
protective mangroves in coastal 
communes of Hau Loc district, 
Thanh Hoa province (Central 
disaster fund) 
2010-2015 200 
Hau Loc district, Thanh Hoa 
province 
4 
Strengthening the capacity of 
resistance to climate change for 
vulnerable coastal communities in 
Vietnam. 
Since 2017 
50 ha in Nga 
Son 
50 ha in Hau 
Loc  
Nga Son and Hau Loc district 
5 
Modernizing the forestry sector 
and enhancing coastal resilience. 
Since 2017 
50 ha in Hau 
Loc 
6 districts 
6 
Project on planting and restoration 
of coastal forests in Hau Loc 
district, Thanh Hoa province 
2016-2020 228 
Hau Loc district, Thanh Hoa 
province 
7 
Community-Based Mangrove 
Management Boards 
2007-2014 458 
Hau Loc and Nga Son district, 
Thanh  Hoa province 
Sources: The Prime Minister (2015); Thanh Hoa DARD (2018). 
 
In particular, from 2007-2014, CARE worked with local communities to apply an integrated, 
community-based approach to build coastal resilience, and in 2007, members of the community 
planted 277 ha of mangrove forests in Da Loc commune and 181 ha in Nga Thuy commune (belongs 
to Nga Son district) (Reed et al., 2015). Local people were encouraged to be engaged in planting, 
maintaining and protecting the young mangrove forests. For example, on one day, 700 local people 
took part in planting mangrove seedlings. This involvement contributed to raise local awareness of 
the importance of mangrove forests to their livelihoods and an increase of survival rate to 70 ÷ 90 
% of mangrove seedlings. Community participation initiatives have continuously contributed to 
improve mangrove forests and have flourished compared to earlier projects in the same area. This 
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has created a major impact on the local communities since it was the first time that a ‘nationwide 
mangrove forest decline’ was finally reversed. 
Despite these great achievements, community-based mangrove management institutions have 
been challenging with a high risk of closure in Da Loc and Nga Thuy. Both CMMBs have lacked the 
government’s support and funding to keep the ongoing activities since 2014. CMMBs also have lack 
proper hierarchical methodology to ensure they had remained accountable. These issues also have 
hampered the efforts in developing community-based management in other districts and provinces. 
During the period of 2015- April 2018:  
A gradual increase of mangrove forests was experienced with additional 163 ha, equivalent to 
47.8 % of all mangrove areas. In particular, the project “Planting and restoration of coastal forests 
in Hau Loc district, Thanh Hoa province from 2016- 2020” in 2016 (Table 5) and another project 
“Strengthening the capacity of resistance to climate change for Nga Son and Hau Loc districts” in 
2017 have significantly contributed to an increase of mangrove forests during the period of 2015- 
2018 (Table 5). However, there were also factors influencing the effectiveness of mangrove forests 
management this period. The poor leadership of CMMB has resulted in a dysfunctional manner of 
maintenance with the mangrove forests. In September 2017, typhoon Doksuri landed directly on 
Thanh Hoa coast, considered as one of the biggest storms in this region. Consequently, the storm 
disrupted the sedimentation process into mangrove forests, significantly resulted in the death of 
many mangrove trees. 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Mangrove dynamics over the period of 2005-2018. 
In summary, by using the Landsat and Sentinel imageries to quantity changes in mangrove 
extents from 2005 to April 2018 (Figure 5), an overall finding shows that a large area of mangrove 
forests was observed with an increase of 278.0 ha during 2005- 2018 due to successful national 
programs of mangrove rehabilitation and restoration. A model of community-based mangrove 
management has also significantly contributed to an increase of mangrove extents. However, the 
loss of mangrove forests was still occurred in some places, resulting from the poor leadership 
capacity and extreme weather conditions.  
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4. Implications for sustainable management of mangrove forests in Thanh Hoa province 
In this study, mangrove forests have been recorded the increases during the period of 2005- 
2018 in Thanh Hoa province. Apart from good lessons learnt from Thanh Hoa for other coastal 
regions in Vietnam in terms of the community-based mangrove management in cooperation with 
local authorities; mangrove restoration and rehabilitation programs from both national and 
international supports, there are also some implications for enhancing mangrove management in 
Thanh Hoa as the following:  
Enhancement of community-based mangrove management: Since the early 1990s, forest 
policy of allocating forestland to forest-adjacent people for management and development has been 
applied in Vietnam (Quang and Noriko, 2008), but it has not been applied for mangrove forests. The 
issues of mangrove management and restoration are being considered as the key adaptation 
strategies for mitigating climate change and coastal storm damages in Thanh Hoa province. For 
better management, a quick process implementation of allocation of mangrove forests to local 
residents and coastal communities should be taken into consideration to provide incentives to 
manage and protect mangrove forests at various levels (Kongwongjan et al., 2012; Datta et al., 2012; 
Phuc et al., 2013; Hai-Hoa, 2016). In particular, CBMM institutions should be restructured to ensure 
the local participation, which is based on user-decision making and mangrove resource sharing in 
both Nga Son and Hau Loc districts (Datta et al., 2012; Kongkeaw et al., 2019). Factors influencing 
the effectiveness of community based mangrove management, including leadership, occupational 
change, experience and capacity to organize into local groups, NGO support and increasing 
government support and recognition, should be taken seriously into the management process 
(Datta et al., 2012; Kongkeaw et al., 2019). In addition, mechanisms and policies on rights and 
responsibilities from mangrove management and protection should be clarified. Allocation priority 
should be given to local people according to the project and the plan approved by the associated 
authorities with certificates of land use rights (Hai-Hoa, 2016). However, mangrove allocation to 
households should not be applied nearby river mouths, estuaries or in front of the dike area and 
along the coast near residential areas that are more likely to be lost to avulsion and erosion. These 
areas should be handed over to local communities for common stewardship. 
The cooperation system is one of the best solutions in the study areas where climatic 
conditions, economics, knowledge and traditional values are similar. Cooperation in mangrove 
protection and management should be applied between the CMMB groups; local commune 
mangrove forest protection station and public communication activities (Abdullah et al., 2014; 
Aheto et al., 2016; Kongkeaw et al., 2019). 
Payment for forest environmental services (PFES) implementation: Local authorities and local 
households should be encouraged to participate in all REDD+ and PFES activities to receive 
additional financial support, which can enhance the effectiveness of CMMB model (Duke et al., 
2010; Sommerville, 2016). Successful payment mechanisms from Lam Dong and Lai Chau provinces 
in Vietnam should be learned (Pham et al., 2013; Tredal and Vedeld, 2017). Benefits from PFES are 
also more likely to significantly improve local livelihoods, contributing to better mangrove 
protection and management. The management and administration schemes should be set up to 
encourage local people to protect and monitor mangrove resources (Pham et al., 2013; Phuc and 
Nghi, 2014). 
5. Conclusions 
This study used multi-temporal Landsat and Sentinel imageries to quantify changes of 
mangrove forests using 12 vegetation indices, Supervised and Unsupervised Classification methods 
in two districts of Thanh Hoa province, Vietnam. Sentinel 2A imagery in combination with 
PlanetScope imageries was tested to select the most suitable classification method for study sites. 
The result showed that the Supervised Classification method was the most suitable classification 
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method due to the highest overall accuracy of 90.0%. The study then quantified and constructed 
mangrove extents map in Hau Loc and Nga Son districts. As a result, mangrove forests gained about 
278 ha (123.0 %) over the last 13 years (from 2005 to 2018). The mangrove extents were quantified 
at 226.0 ha, 246.0, 341.0, and 504.0 ha in 2005, 2010, 2015 and 2018, respectively. Between 2005 
and 2010, the mangrove extents increased by approximately 7.5% due to mangrove plantation 
programs and CMMB implementation. The increment of the period from 2010 to 2015 was higher 
than other periods due to the improvement of CMMB, which has encouraged local people to 
contribute to mangrove plantation and management. Since 2015, a gradual increase of mangrove 
extents was observed by 47.8 %, despite the projects on mangrove forests development for CMMB 
completed. The result of this study showed that CMMB was effective for mangrove planting and 
management, but facing with a risk of lacking funding support. Therefore, some lesson learnt are 
drawn to improve the management of mangrove forests in the study sites, including implementation 
of PFES, improvements of CBMM institutions and mangrove forest allocation. 
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